SUMMARY Segregation analysis was performed on 354 cases of chronic proximal spinal muscular atrophy of childhood and adolescence (CPSMA) in the total series and in a number of subgroups formed according to the age at onset and sex.
The problem of the predominance of males in spinal muscular atrophy (SMA) of childhood and adolescence has been infrequently discussed in publications. However, closer analysis of reported data shows that, although unnoticed, the sex dependent differences have been present in many series.'-3 Only a few authors have stressed the predominance of males or the milder course of the disease in females.f-8
No sex differences were present in the series composed mainly of acute cases of SMA7-10 or in the cases of predominantly early onset."1 However, some authors have noticed that the course of the infantile form of the disease is more severe in males. 6 12-17 Furukawa et a16 were of the opinion that SMA, and in particular the Kugelberg-Welander form, was a sex influenced condition.
We have previously presented data showing the influence of sex in a chronic proximal form of spinal muscular atrophy of childhood and adolescence (CPSMA)*. 17 18 The segregation ratio in our material '8 there was a subgroup of 46 acute cases of SMA (form IA). In view of the small size of this subgroup we decided not to exclude it from the material, especially since other criteria of the acute form of SMA assume a lower age of survival and this subgroup would be even smaller.* Segregation analysis was carried out on the age at onset and sex of the affected subjects. Segregation ratios for each sex separately were calculated in six age at onset subgroups (table 2) and in five cumulative age at onset subgroups (table 3) . Division of the material into so many subgroups enabled us to detect the sex differences expressed in genetic ratios (p values) in different ranges of age at onset. The obvious limitation of such divisions was the fact that the size of some subgroups was not large enough for meaningful statistical analysis. Segregation ratios were simply calculated by dividing the total number of affected subjects by the total number of children after subtraction (from both numbers) of the total number of probands, an approach also used by other authors. 1222 We also compared the p values in different clinical types of CPSMA ( The sex dependent differences in p values become obvious from the age at onset of 37 months upwards. They seem to start in the subgroup between 37 months and 8 years and between 9 and 18 years they are highly significant (p<0 001). They are also significant in some other subgroups, namely 25 months to 18 years (p<0 05), 37 months to 18 years (p<OOl), and in form III of the disease (p<0 01). In the material taken as a whole (age range 0 to 18 years) the differences are not significant owing to the overwhelming majority of the earlier onset cases.
Nevertheless it appears to us that our data provide good evidence that CPSMA is a sex influenced condition, based on the lower number of females in the later onset subgroups and, therefore, decreased p values for females. These facts are in keeping with the previous studies of male-female sib pairs, which have shown that the disease has a milder course in females.13 17 In the age range 0 to 9 months the penetrance of the gene is complete and between 10 and 36 months there is a sudden lowering in p values (table 2) .
The reduction in female cases in the later age at onset ranges starting from 37 months, with clearly retained features of autosomal recessive inheritance, seems to be connected with incomplete penetrance (table 2). In the subgroup 37 months to 8 years, although the p value for females is smaller, the reduced penetrance is difficult to prove because the subgroup is not large enough (25 affected subjects) (table 2) . However, in the subgroup 9 to 18 years, although again small (18 affected subjects: 16 males, two females), the reduced penetrance is remarkable, probably owing to a 'female sparing factor': p value for males 0-2 and for the overall subgroup below 0 1. The most convincing, because of the larger numbers (51 affected subjects), is the combined subgroup 37 months to 18 years with a p value for males close to the expected 0 25, for females close to 0-1, and for both sexes combined 0-17. This might indicate about 30% reduction in penetrance in this subgroup.
As Furukawa et al6 have suggested, sex influence may be associated with hormonal differences between males and females, the female gonadal hormones possibly playing the role of a 'female sparing factor'. Depending on the age at onset, this would be expressed:
(1) in earlier age, in a milder course of the disease in females, and in some dropping of the proportion of affected females between the third and eighth year of life;
(2) after the eighth year of life, in a significant decrease of the number of female cases; and (3) after the age of 13 SMA in males than in females is also, and even to a greater degree, observed in adults. However, their data should be treated with caution since they were based on material composed of all genetic forms of SMA, including the sex linked form which is clearly different. According to other sources, no sex influence was detectable in the dominant24 and in the autosomal recessive proximal adult form of the disease.25 On the other hand there was a preponderance of males in the distal autosomal recessive form of SMA. 26 It is unlikely that the confirmation and explanation of the putative role played by hormones in the modulation of phenotypic expression in CPSMA could be achieved other than through experimental studies. Perhaps some known animal models of SMA27 28 could be of help.
